Usutu virus (USUV) is a mosquito-borne flavivirus belonging to the Japanese encephalitis serocomplex, recently related to neurological disease in immunosuppressed patients. In the same area of Northern Italy where USUV human cases occurred in 2009, a regional West Nile virus (WNV) surveillance program based on mosquito monitoring and wild birds screening has been implemented since 2008. Mosquito pools and wild birds were tested using three different polymerase chain reactions (Flavivirus, WNV, and USUV). During summer 2009, 56 pools (54 consisting of Culex pipiens and 2 of Aedes albopictus) and 27 pools (Cx. pipiens) out of 1789 mosquito pools were, respectively, USUV and WNV positive. Moreover, out of 1218 wild birds tested, 44 were WNV positive, whereas only 11 birds were USUV positive by polymerase chain reaction. Data collected during 2009 prove a cocirculation of USUV and WNV in Northern Italy, but these two viruses show different incidence values in both mosquitoes and birds, suggesting involvement of different animals (other bird species or mammals) in their natural cycles. The cocirculation of WNV and USUV poses a new potential threat to human health in this area. The extent of WNV surveillance to other Flaviviruses will require new diagnostic procedures able to process a large number of samples in a limited period of time and highlights the importance of developing more specific serological tests that could be used in field.
Introduction
U sutu virus (USUV) is a mosquito-borne virus of the family Flaviviridae, genus Flavivirus, belonging to the Japanese encephalitis serocomplex, together with Japanese encephalitis virus, West Nile virus (WNV), Kunjin virus, Murray Valley encephalitis virus, and Saint Louis encephalitis virus (Kuno et al. 1998) .
Isolated for the first time from a bird-biting mosquito (Culex univittatus) in South Africa in 1959 (Williams et al. 1964) , USUV was first detected in Europe in 2001, where it caused high mortality in blackbirds around Vienna, Austria (Weissenbö ck et al. 2002) . USUV overwintered and has established a local transmission cycle becoming a resident pathogen, with tendency to spread to other geographic areas (Weissenbö ck et al. 2003) . Actually bird mortality due to USUV infection has been reported in several countries of Central Europe such as Austria, Hungary, Switzerland, and Italy (Weissenbö ck et al. 2002 , Chvala et al. 2007 , Manarolla et al. 2009 ). Little is known about USUV natural cycle, but it probably involves wild birds and mosquitoes. In Africa, the virus circulates between birds and mosquitoes with mammals being asymptomatic hosts (Gratz 2006) . In Europe Culex mosquitoes have been considered to serve as main vectors (Weissenbö ck et al. 2010) , and USUV sequences have been detected in Culex pipiens in Spain (Busquets et al. 2008) .
During late summer 2009 in Emilia-Romagna, Northern Italy, two cases of USUV neuroinvasive infection in immunosuppressed patients were reported (Cavrini et al. 2009 , Pecorari et al. 2009 ). Because of WNV circulation with human and horse neuroinvasive cases , Rossini et al., 2008 , Calistri et al. 2009 ), a regional surveillance plan has been implemented starting from 2008 (Angelini et al. 2010 ).
During 2009 WNV surveillance activities have been able to detect USUV circulation in mosquitoes (Calzolari et al. 2009 ); in this article we report data about simultaneous circulation of both WNV and USUV in mosquitoes and birds in the same area.
Materials and Methods

Survey areas
Emilia-Romagna is a region of Northern Italy that is characterized by an intensive agriculture and animal husbandry. The eastern part of the region is located on the Adriatic Sea and includes one of the largest wetland areas of Europe, the Po River Delta. After WNV circulation was detected in 2008 , almost every floodplain areas of EmiliaRomagna have been put under surveillance.
Mosquito collections
The surveillance system was activated in the period April 15th-October 15th with weekly to monthly collection of mosquitoes in fixed stations and also in the sites where human or horse neurological cases or WNV-positive birds were detected. Mosquitoes were trapped mainly using modified Centers for Disease Control and Prevention traps baited with CO 2 (Petric et al. 1999 ) in 92 stations, of which 52 stations had been running for a long time for quantitative monitoring purpose in mosquito control programs (21 stations in Bologna province, 27 stations in Ferrara province, and 4 stations in Ravenna province), while 40 ones were newly planned stations to cover the surveillance area using a grid of 100 km 2 . Moreover, mosquito collections were promptly performed in sites following the detection of horse and human WNV cases by CO 2 and gravid traps. Mosquitoes were pooled according to date, location, and species, with a maximum number of 200 individuals per pool (Sutherland and Nasci 2007) . Pooled mosquitoes were stored in 2 mL polypropylene cryotubes and frozen at À808C. Two 4.3-mm-diameter copper-plated round balls (Haendler & Natermann Sport GmbH, Mü nden, Germany) and 1.2 mL of phosphate-buffered saline were added to each tube and samples were grinded for 30 s in a vortex mixer, and then 200-mL aliquots were collected from each grinded samples and submitted to biomolecular analysis.
Wild birds surveillance
Monitoring has been carried out in all the provinces along the Po river, in the plain area of Emilia-Romagna. Every 1600 km 2 , a monthly sample of about 40 wild birds caught or shot within specific wildlife population control programs was collected. Monitoring was mainly focused on corvids (Pica pica, Corvus corone cornix, and Garrulus glandarius). After detection of USUV, passive surveillance on wild birds was enforced; thus, also birds of other species, such as blackbird (Turdus merula), were tested. Samples of organs (brain, heart, and kidney) of each bird were pooled and submitted to biomolecular analysis.
Virological investigation
RNAs were extracted using Trizol Ò LS Reagent (Invitrogen, Carlsbad, CA). cDNA synthesis was achieved using random hexamers (Roche Diagnostics, Mannheim, Germany) and SuperScript Ò II Reverse transcriptase (Invitrogen) according to the manufacturer's instructions. Pools were analyzed using three different polymerase chain reactions (PCRs): (1) traditional PCR, addressed to a fragment of the NS5 gene, for the detection of Flavivirus genus according to Scaramozzino et al. (2001) , (2) Fragments obtained by Flavivirus genus PCR were sequenced by an automated fluorescence-based technique following the manufacturer's instructions (ABI-PRISM 3130 Genetic Analyzer; Applied Biosystems, Foster City, CA). As further confirmation a traditional PCR protocol was performed on WNV real-time PCR-positive samples using primers originally proposed by Lanciotti et al. (2000) . Amplicons obtained were sequenced as described above.
These sequences were employed to confirm the reaction specificity by performing a BLAST search in the GenBank library and to evaluate similarity among detected strains.
Calculation of infection rates
We used maximal likelihood estimation (MLE) to evaluate USUV infection rates in mosquito collections (Gu et al. 2004) . The rates were fortnightly calculated by grouping together pools of the same species and area (province). We calculated MLE infection rates using the PooledInfRate software (Biggerstaff 2006) .
Sequence analysis
Sequence aligning and phylogenetic analysis with neighbor-joining method ( p-distance) of a portion of the NS5 gene (260 bp) amplified by Flavivirus PCR with bootstrap test (1000 2 TAMBA ET AL.
replicates) were obtained using evolutionary software MEGA 4.0 (Tamura et al. 2007 ).
Results
Mosquitoes
About 190,000 mosquitoes were collected during 2009. They were grouped in 1789 pools and tested by PCR (Table 1) . Cx. pipiens resulted in the most abundant species (81.4%) followed by Aedes caspius (15.4%), Aedes vexans (2.4%), Aedes albopictus (0.6%), and Culex modestus (0.1%). Other species were also collected and tested such as Aedes geniculatus, Aedes dorsalis, Aedes detritus, Anopheles maculipennis s.l., and Anopheles plumbeus. Twenty-seven mosquito pools were found WNV positive, and 56 pools were USUV positive. Eight pools gave positive results for both viruses. Except for two pools of Ae. albopictus USUV positive, all PCR-positive pools consisted of Cx. pipiens (Table 1 ). The two USUV-positive pools of Ae. albopictus were collected in the same municipality during the same week. Positive pools were detected from July 21st to September 9th and from July 8th to October 3rd for WNV and USUV, respectively. Locations of traps with USUV-positive pools are shown in Figure 1 .
In the 2008 season about 49,000 mosquitoes were collected in the same area, grouped in 896 pools, and analyzed with the same method, obtaining two Cx. pipiens pools positive for WNV, whereas USUV was not detected (Table 2) .
Mosquitoes infection rate
We calculated USUV MLE infection rates for Cx. pipiens in three areas (provinces of Bologna, Ferrara, and Modena) where 50 out of the 54 USUV-positive Cx. pipiens pools were observed (Table 3) . In all areas MLE rates peaked in August.
Although the number of individuals tested did not allow a statistical analysis, the highest value (4.1) was recorded in Modena area (weeks 32-33), but in Bologna area USUV circulation lasted longer (weeks 26-35). In both areas one USUV neuroinvasive human case was reported (Fig. 1) in AugustSeptember 2009 (Cavrini et al. 2009 , Pecorari et al. 2009 ).
Nucleotide sequencing and computer analysis
Twelve USUV Flavivirus genus PCR amplicons (a 260 bp portion of the NS5 gene) were sequenced and aligned. By eliminating gaps and missing data, a total of 233 positions were considered, which showed an identity percentage ranging from 100% to 98.3% among them (differences ranged from 0 to 4 on a total of 233 positions), and all these differences were silent and did not produce variations in the translated amino acid sequence. 
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The highest BLAST scores for the consensus sequence were obtained with USUV isolated in Budapest (EF206350) and USUV strain Vienna 2001 (AY453411). Comparison of consensus sequence obtained showed an identity of 97.4% (6 differences on 263 positions) with these two homologous sequences and identity of 96.1% (9 differences on 263 positions) with a South African strain (AF013412) (Fig. 2) .
Wild birds
In 2008 we did not perform PCR to detect USUV, but 45 (9.5%) out of 475 birds tested by PCR were WNV positive. Detailed results have been reported in another article (Calistri et al. 2009 ). Out of the 1218 birds tested by PCR in 2009, 11 (0.9%) were positive for USUV and 44 (3.6%) for WNV. Three birds (two magpies and one gull) gave positive results for both viruses. Most of infected wild birds were corvids collected between August and October within population control programs, but WNV and USUV were also detected in other bird species mainly found dead in wildlife recovery centers (Table 4) . USUV-positive birds were sampled from August 19th (a magpie caught) to October 26th (a blackbird found dead). Except for a magpie caught in May, WNV-positive wild birds were detected starting from the end of July. The last WNV-positive bird was a jay shot on November 4th. Through passive surveillance USUV was detected also in areas not covered by the WNV surveillance program. Figure 1 shows where USUV-positive birds were collected.
Discussion
Discussion will be especially focused on USUV, because we have just reported results of WNV monitoring in another article (Angelini et al. 2010) , in which the whole surveillance system has been described.
USUV has been detected in recent years in Northern Italy (Rizzoli et al. 2007 , Lelli et al. 2008 , Manarolla et al. 2009 ), where, as in Central Europe, it can cause neurological lesions and death in birds (Weissenbö ck et al. 2002 , Manarolla et al. 2009 ). Because of immunosuppressive treatments, USUV could produce similar disease in humans and could become a new threat for public health (Cavrini et al. 2009 , Pecorari et al. 2009 ). In Emilia-Romagna this virus probably shares with WNV the same vector, Cx. pipiens, so its detection during WNV surveillance activities is not amazing. In literature USUV and WNV seem to have similar cycles, but comparing our monitoring results some differences may be evidenced: while we detected more mosquitoe pools PCR positive for USUV than for WNV, more WNV-infected birds were detected than USUV ones, which led to suspect a possible involvement of other animals, such as other bird species or mammals (man included), in the USUV natural cycle. The last hypothesis is enforced by the detection of USUV genome in Ae. albopictus (for the first time to our knowledge), a mosquito considered primarily a mammalian feeder, although shown to fed on a wide variety of hosts. The role of Ae. albopictus in USUV epidemiology has to be considered and further investigated. As reported by Gratz (2006) , in Africa USUV was isolated from rodents (Gen. Promys), but in Europe there is a lack of data about a possible involvement of mammals in the virus cycle. However, other hypothesis could explain the differences obtained: for instance, different duration of infection in bird species examined could lead to a different proportion of PCR-positive results. WNV is able to cause persistent infection in birds, in house sparrow (Passer domesticus) viral RNA persisted in tissues through 65 days (Nemeth et al. 2009 ). In addition Komar et al. (2003) noted that several orders of birds showed different viraemia duration and titer after experimental infection with WNV. Duration of USUV infection in wild birds is still unknown. Moreover, a higher frequency of vertical transmission or a higher vector competence for USUV could explain the higher prevalence detected in Cx. pipiens mosquito pools. All these items will require specific investigation in the next future. As WNV, USUV detection in mosquitoes has happened before occurrence of human cases, so preventive measures, such as mosquito control or blood donors testing, could be possibly organized and performed.
As just suggested by Chvala et al. (2007) , mosquito monitoring and screening of wild birds are suitable to detect USUV circulation and could replace dead bird surveillance when bird mortality drops because of herd immunity. Virological surveillance may be preferable against serological monitoring, because of cross reactions with other Flaviviruses. Sera reacting to both WNV and USUV were detected in other studies, especially by using low specific tests such as hemagglutination inhibition test (Meister et al. 2008) 
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zyme-linked immunosorbent assay (Lelli et al. 2008) . Plaque reduction neutralization test has to be performed to confirm positive sera, but this test is complex, costly, and time consuming.
In conclusion, our findings prove a cocirculation of USUV and WNV in Emilia-Romagna region in the 2009 summer season. Our work suggests that it is important to consider other Flaviviruses, such as USUV, for the evaluation of WNV surveillance. Both viruses seem to be able to cause neurological disease in humans in particular conditions; taken together with the above-reported epidemiological data, the circulation of USUV poses a new potential threat to human health in this area. The expansion of surveillance to other Flaviviruses will require new diagnostic procedures able to process a large number of samples in a limited period of time and highlights the importance of developing more specific serological tests that can be used in field.
